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COMPOSITION COMPRISING VITAMIN -F 




Field of the> Invention 

The present invention relates to chlorophyll 
metabolites and their derivatives as essential fatty 
acids. More specifically, the compounds phytenic acid 
and phytanic acid, and derivatives thereof, have been 
found to modulate the activity of RXR transcription 
factors , which in turn regulate the activity of various 
genes. Thus, phytenic acid, phytanic acid and their 
derivatives are important dietary components and also 
find application as ingredients of . media for in vitro 
culture of mammalian cells. 

t 

i i 

Descrinf ion of ^ he rP^a^or^ j 

Each article of the scientific and patent' 
literature cited herein is incorporated in its entirety, 
by reference by such citation. 

Chlorophyll is best recognized as an energy 
transducer in plants that captures sunlight for oxygen ' 
sugar, and lipid synthesis and thereby establishes the 
foundation for animal food chains. Phytol metabolites 
may now strengthen this link between heterotrophs and 
autotrophs by integrating the dietary state of the 
animal with RXR-dependent signaling systems to balance 
the lipid stores in adipose tissue against cellular- 
needs. Insights into the functions of phytol metabo- 
lites may emerge from comparisons with linoleic acid and 
other unsaturated fatty acids that are important dietary 
factors synthesized by plants (Burr and Burr, j Biol ' 
Chem. 82, 345-367 (1929) and J. Biol. Chen,, 86, 587-621 
(1930); Aaes-Jorgensen, Physiol. Rev. 41, i-41 (1961)) ' 
Although they serve as important precursors for 
prostaglandin synthesis (Bergstrom, Recent Prog. Horm 
Res. 22, 153-175 (1966), unsaturated fatty acids may 
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also share equally crucial roles as receptor signals 
For example, linoleic and arachidonic acids activate 
PPARor with a potency of 30 ^ (Gottlicher et al Proc 
^ati^^cad. Sci. USJ^ SB, 4653-46^7 (1992); Bariner e; 
al., J, Lip:,d Res. 34, 1583-1591 (1993); Keller et al 
Proc Natl, Acad. Sci. VSA (1993)). Linoleic acid ma; 
contribute as much as 20% (40 ^M) of the total fatty 
acids (200 /zM) in human or rat sera (Swell et al / 
i^utr. 74, 148-15€ (1961); Scully et al Encrl' r 

10 Med. 302, 37-48 (1980)). 

Kuclear receptors are transcription factors that 
regulate gene expression in response to lipophilic 
ngands such as steroid hormones (Yamamoto, Annu. Rev 
Genet. 19. 5ncs_->c-5 tttior^s ... 



35 



Genet. 19, 209-252 (l9ft«;n t- ^ 

15 ^h. '^03 252(1985)). Ligand binding increases 

15 the receptor affinity for hormoni«. r-^c 

2 -"-wi Hormone responsive DMA 

elements (HRES) near taraet oenes ^ 

asnes that promote specific 

transcriptional control (Glass, Endocrinol. j?ev 15 

331-407 (1994)). ^ ^^^^^ — 

-io regulated gene networks (Evans c^,- 

(O Malley, Endocr..oicsy 12S, nxs-i^^o ,1389, a.d 
O Malley, «oI. s,ci»c.i„ol. X35.-136a ,153nn 

«lcnough orphan receptor genes have been iaola;;d 

^ low.=trr„gency hybridisation technigues (Arri.a et 

HNF4, initially were described as transcriptional 
30 163-166 (1989,.. sladek et al., Genes ^v. .353- 6 



(1990) ) 



Activators for orphan receptors have been found by 
testing compounds in cells transfected with th. 
corresponding receptor and HRK-Un.ed reporter ge e 
(Oiguere et al.. Cell 46, 645-652 (isbc, ^ 

Chacon, mature 324, 615161, <i9e7, , Ii °T 
r'^i-,-^^. , v-L^o/;;. Aldosterone, 

retinoic acid, and ecdysone are so.e of the ligand^ 
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matched with receptors via these "cis -trans" assays 
(Arriza et al., Science 237, 268-275 (1987); Giguere et 
al-/ Nature 330, 624-629 (1987); Petkovich et al . , 
Mature 330, 444-450 (1987); Koelle et al., Cell 67, 59- 
5 77 (1991)). The nanomolar affinities of these ligands 
contrast with the micromolar amounts of fatty acids or 
prostaglandin Jj required to activate PPARa and PPAR7, 
respectively (Gottlicher et al., Proc. Natl. Acad. Sci, 
USA 89, 4653-4667 (1992); Keller et al., Trende 

10 Endocrinol. MetaJb. 4, 291-296 (1993) and Proc. Natl. 
Acad. Sci. USA 90, 2160-2164 (1993); Porman et al,, Cell 
83, 803-812 (1995b); Kliewer et al., Cell 83, 813-819 
(1995) ) . Similarly, metabolites of farnesyl 

pyrophosphate (farnesoids) are needed at micromolar 

15 levels to induce FXR (Porman et al . , Cell 81, 687-695 
(1995a) ) . Fatty acids and f arnsoids have been argued as 
candidate physiological effectors for PPAR and FXR 
(Keller and Weihli, Trends Endocrinol. Me tab. 4, 291-296 
(1993); Weinberger, Trends Endocrinol. Metab. 1, 1-6 

20 (1996)). Although many genes regulated by PPAR are 
linked to fatty-acid metabolism and fatty acids have 
been detected in PPAR- inducing chromatographic fractions 
from human plasma (Banner et al., J. Lipid Res. 34, 
1583-1593 (1993)), direct interactions of fatty acids 

25 with PPARs have not yet been demonstrated. 

RXR is a unique member of this orphan receptor 
family that facilitates many signaling pathways by 
heterodimerizing with receptors activated by thyroid 
hormones, retinoids, vitamin D, fatty acids, and 

30 farnesoids (Manglesdorf and Evans, Cell 83, 841-850 
(1995) ) . RXR partners also include the orphan receptors 
COUP (Kliewer et al., Proc. Natl. Acad. Sci USA 89, 
1448-1452 (1992)), NGFlb/nurrl (Forman et al.. Cell 81, 
541-550 (1995c) ; Perhnann and Jansson, Genes Dev. 9, 

35 769-782 (1995), and UR/LXR family members (Song et al., 
Proc. Natl. Acad. Sci. USA 91, 10809-10813 (1994); 
Teboul et al., Proc. Natl. Acad. Sci. USA 92, 2096-2100 
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S retinoio acid (atkA) as an Em i„A "'^^^^^'^ ^H-trans- 
al.. mature 345, 224-22, a,^, h " " 

bind RXR with high affinitv ' ^^"^ 
-era re^i.ed for a«X Jd™' 
acid had already heen i^n U^r^ ^""""^'^ 

10 mature 33o, 624-629 (1987, = .1 at al., 

, 330, 444-4S0 ,19S,M . i rrlTp"" 

« a«i.a.e3 HXH with ^^^1^ J^' ' 

397-406 (1992); Levin et al «r > ■ 

3" (1992), but activation Of kjS^^' 

Physiological apecificllrtAl^e^tt 
fiioi. Che^. 266, 26625-26633 11993^;^^ " 
20 "^-P-ific synthetic .retiloL "«»""«tion of 

(^iMannet al., Science 258 T,^ ■""''oprene acid 

al.. J. Med. Chem. 3,, 406-414 (1994) ajd ' m ! ' 
38, 3146-3155 (1995,; Hannon et al T 

Sci. t,SA 92, 6157-6160 (1995) 1 ' 

25 to detect 9CRA i„ ' "^^^'^ *'^'='' an inability 

fcKft in rat serum (Kolima =1 , ' 

■a^^. 269, 32700-32707 (I994, , ' ' 

existence of other .r,,, ' ""^^ the 

other endogenous EXR- seler-n . 

Receptor specificity is '^-Tenoids. 
Physiologic importance of a lioaTd T""" °* 

30 ligand potency with its ahundallHn ^10"! ""'"^"^ 
is equally critical. That ia 
concentrations of ligands must be 'witht, 
their receptor binding affinities ' °' 
potencies. Por e»„^ie . ^^d T ^""""n 

35 Plasma at 2 and 100 nM I. ' """^ate in humai 

..„ed. 302,^:;6T9rinut'ral^t" 
thyroid hormone receptor with a 50-fo;d IZ::^ 
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as compared with T3 (Shih et al . , Mol. Endocrinol. 5, 
300-309 (1991)). Consequently, a low-affinity receptor 
ligand such as T4 should not be dismissed as 
nonphysiological on the basis of potency alone, provided 
5 that its total effector activity is similar to that of 
a less abundant but more active one like T3. 

Circulating levels of steroid and thyroid hormones, 
retinoids, and vitamin D in animal sera are within the 
ranges of their receptor -activation potencies , 

10 Therefore, orphan receptor activators have been sought 
from biological tissues such as plasma (Shih et al . , 
Mol. Endocrinol. 5, 300-309 (1991); Banner et al . , J. 
Lipid Res. 34, 1583-1591 (1993)) as well as by a survey 
of chemical compounds. Chromatographic separation 

15 methods can be used to compare the candidate chemically 
synthesized receptor activators with those extracted 
from biological tissues to assess their physiological 
significance. Here we report that a search for RXR 
activators from bovine serum only revealed compounds 

20 chromatographically distinct from 9cRA. These phytol 
metabolites are considered to be physiological RXR 
effectors, because they satisfy the above criteria for 
molecules circulating at concentrations potentially 
relevant for RXR binding and activation in vivo. 

25 SUMMARY OF THE INVENTION 

The present invention resides in part in 
compositions comprising at least one of phytanic acid, 
derivatives of phytanic acid, phytenic acid and 
derivatives of phytenic acid. This group of compounds 

30 of the invention, that is, phytanic acid and its 
derivatives and phytenic acid and its derivatives, are 
collectively called herein "vitamin P" . Thus, "vitamin 
F" consists of one or more of phytanic acid, derivatives 
of phytanic acid, phytenic acid and derivatives of 

35 phytenic acid. 
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Exemplary derivatives nf r,),,^- 
acid ar* ^ weaves of phytanic acid and ohytenic 

acxd are hydroxy-phytanic acid, especiallv o h T 
phytanic acid, and hydroxy-phytenic acid '-^^^^^^y- 
hydroxy-phytenic acid Addit^rT ^^^^^^^^^Y 2- 

and amides of the acid, ^^^f ^^^""P^- esters 

examples are ca^Ci/ac f:!^""' ^^"^^^^ 

esters" ph^.o U r 
trxacylglyceryl esters, of the hydrocarbon Lrs i 
Cham n-alkyl esters are preferred I T7 



"Verifying group preferably contain, f ''>"^°"'^bo" 
carbon ato™., „ore preferably 3 /0 " s ' '° " 

Preferred phospholipia and triaoylglyteryT^t 
those of phospholipids and triacv^af , 
Circulating in ^^Uan seL '^'^"^"'^ 

^™al. inclur: :r:rLt^ ---^.ation to a 

eXtaurr 

especially a serura-free medium. «ej.is, 

Accordingly, it is one object of th. • 
provide a exposition containing Vl^^l 

uiltr~?u:a 
a table; ' '""^"^ P«-ing into 

It is another obiect nf i-v,^ • 
-diu. for in Wtro culture Of r"r" '° ^™ ^ 
contains Vitamin K. m one el:,!.:™ This""^ 
the invention, the vitamin P is provL ' °' 
concentrated stoc. solution or J,!; 

-^uiated Ts a c^i^ wr:To'tert.rr ' 

P rerably contain the vitamin f at , ^- . 

concentration ranging from 1 *-n inn » ^"^^ 

70 .M, more preferablyT^ 6ol ' ' ^^^'^^^"'^ ' ^° 
10 MM. ^' ""^"^ Preferably 2 to 



* 

« 
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It is another object of the invention to provide a 
method for in vitro culture of mammalian cells that 
comprises growing mammalian cells in a serum- free medium 
containing vitamin F. 

5 It is yet another object of the invention to 

provide a method for treating vitamin P deficiency in a 
mammalian siibject, preferably a human, comprising 
administering to a mammal suffering from vitamin F 
deficiency a pharmaceutical composition comprising 

10 vitamin F. In this embodiment of the invention, the 
amount of vitamin F in the composition will be one which 
provides a total plasma concentration of vitamin F of l 
to 100 nM. preferably 2 to 70 fiM, more preferably 2 to 
60 fM, most preferably 2 to 10 ^M. In a preferred 

15 embodiment of this aspect of the invention, the vitamin 
P is formulated as a complex with a serum protein that 
serves to transport fatty acids, such as serum albumin. 

In all of the embodiments of the invention, the 
vitamin F preferably consists of phytanic acid and/or a 

20 derivative of phytanic acid. 

BRIEF D ESCRIPTION OF THE DRAWINng 

Figure 1. Identification of an RXR effector 
activity from bovine serum. Figure 1 shows the RXR 
effector activity profile from a chloroform extract of 

25 FBS fractionated by reverse-phase HPLC. The chloroform 
fraction from a Bligh and Dyer extract of 20 ml of FBS 
was separated by reverse -phase HPLC methods, as 
described in MATERIALS AND METHODS. Two-minute 
fractions were pooled and tested for RXR effector 

30 activity with the cotransfectlon assay. Subconfluent 
(30%) CHO cells were transfected with 1.25 ^g of SV- 
{DR4)3-CAT reporter plasmid (Umesono et al . , Cell 65, 
1255-1266 (1991)), 0.25 ng of human pRS-0R6 or 0.25 ng 
of CMX-mouse RXRoe, 1.25 fig of pCHlll, and 0 . 5 ^g pGEM4 

35 DNAs. The pCHlll plasmid (Yao et al., Nature 366, 476- 
479 (1993)) expressing /3-galactosidase was included to 
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correct for differences in tran«^ 

Normalized cat activity H IZtl efficiency, 
fraction assayed, a ScI sT^da'd had 
o. , .....es Via this .erd te \~rr 
5 performed three times with similar resultT T 
the coefficient of variation oT ■ 
measurements is typically <i5%. activity 

Figures 2A and 2B. ryp ^r,^ 
bovine ^erun, ' ""^ activators i„ 

10 ether extraction LT/ ^ «Pontfi=aticn and 

w»-j.vjii. isovine serum Mn mi \ 

(2 M KOH, heated at 70-0 for sTmin^ ^^Ponified 
diethyl ether Th. . ^ extracted with 

y etner. The aqueous phase was acidifi^rt 
ether was extracted again. Basic and . ' ^""^ 
extracts were dried and ..J ^^^er 

15 

METHODS. 

Pig. 2A shows separation of ryp =. ^ • 
bovine serum by revere., u ^^tivators from 

fract-inno r.r^ — HPLC , One 



extracts were dried and fractionater "'"'^ "'^^ 
reverse-Phase HPLC, as descriheT '^^^^^^^^^ 
METHODS. described in materials AND 



20 



25 



30 



35 



fractions were collected and dried and' ''"^""^^^^te 
was taken up in a medium contain^, 5. h ' '''' 
FBS for testing by a cis tra^ -^^^^^^^l -adsorbed 

Figure 1. ^^^-trans assay, as described for 

Fig. 2B Shows Characterization of rar • 
from bovine serum by reverse-phase HPLC 
fractions were tested by cotransf. ^ "'""'^^ 

r ~ anra~r- rxpre;:'""'- 

human rar« receptor into CHO cells '^^'""""^ 
described in Figure 1. ' ^^^entially as 

Symbols: shaded bars ar-i^^ 

basic extract. Pola induct 

j^w-LQ induction values 

control sables containing methanol TeUle I"'" '° 
«mple in Pig. containing 200 m t^ : 
fold induction by oonpariBon """"^ 

Pigurea 3A and 3B. Fattv 
effector activity. ^ oopurify with rxr 



abundance in 'h^c LT"'"'^ '^l^cUr ion 



effector 
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activity peak. The material remaining from the HPLC- 
separated fractions (22, 23, 25) obtains as described in 
the legend for Figure 2A was used for electrospray- 
ionization mass spectrometry in the negative ion 
5 continuum mode (see MATERIALS AND METHODS) . Molecular 
ions (m/z) are plotted against their relative abundances 
in each sample. 

Fig. 3B shows electron impact mass spectra of the 
major component of the RXR-active fraction from bovine 
10 serum extract and authentic phytanic acid standard, 
obtained from GC/MS analyses of the TMS-derivatized 
samples. Insets show the reconstructed ion 

chromatograms for m/z 369, the (M-CHj)* ion of the TMS 
derivative of phytanic acid. 

15 Figures 4A-4D. Phytanic acid is the RXR activator 

from bovine serum. 

Fig. 4A shows RXR activation by fatty acids. 
Various fatty acids were tested for RXR-specific 
activity by using the CRBPII-CAT reporter plasmid DNA 
(Manglesdorf et al . , Cell 66, 555-561 (1991) and mouse 
RXRo; (Manglesdorf et al.. Genes Dev. 6, 329-344 (1992)). 
Arachidonic, farnesoic, linoleic, oleic, palmitic, and 
phytanic acids (40 /xM; Sigma) were added to CHO cells, 
transfected as described in the legend to Figure 1. CAT 
25 activities are the averages from duplicate transfected 
plates. 

Fig. 4B shows phytanic acid dose -response curves. 
Phytanic acid dilutions were added to CHO cells 
transfected with either SV- (DR4 ) j-CAT [DR4] or SV- 
30 (CRBPII)-CAT tCRBPII] reporter plasmids in the absence 
or presence of mouse RXRa. Open squares: CRBPII, no 
RXR; open circles: CRBPIII +RXR; closed squares: DR4, no 
RXR; closed circles: DR4,+ RXR. Assays were performed 
as described in the legend to Figure l. Results are 
expressed as averages from duplicate plate lysates. 

Pig. 4C shows reaction time for phytanic acid and 
9cRA standards separated by reverse -phase HPLC. One 
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Of a phy.„i= acid standard ,sig.a, and 20 
n^l Of synthetic phytenic acid were injected separately 
^nto a aanple loop and fractionated a= descrilT. 

^ ^3^^,^^^^ »nitored tt ,2^ 

5 n. (solid lines I , „lth a Beol=„>an diode arrlv dete I 
"odule 168. one nanomole of 9oRA ' 
injected, and absorW, was ^onitort^at 5 "T'^'" 

line) . Note that the delay tirT K ! 

aexay time between abso-rHanr,^ 
n»asurement and fraction collection is about ,„ ""^^ 
10 Measured retention tiees: scSA (7 5 ZT V 

(-.S ™in... Phytanic acid ,.^3 II^, ^ "'^^"'^ 
Fig. 4D shows RXR eff ec^nr• o^^- • 

acid co-elute by silica aJ T ^^^^^^^^ 

Dy silica gel chromatography. fbs (sod 

•J. B^ochem. Physiol. 37, sn-s^^ i^sssT ^' 

chloroform-soluble fraction was applied to a ji'l • 
column (40 uM size 4 v w ^•^^^^'^ ^° ^ silica gel 

V M« size, 4 X 10 cm bed , volume) in 2 ml Th» 
column was developed with 500 ml of 20% .^v, . 
80% hexane. Eight -mill inter fra.^ 
- and the dried material ^two^l^^^^^^^^^ 

TZ:i - -sted'ardL: n: t^: 

legend to Figure l. The relative tcl^ i ^ ■ 
activity for each s>»,l= induction of CAT 

vehicle (soliT hH ,s "''^^"^ "^""-^ 

B Phytanic acid stanrd s ZZ'::^; ^"^"^""^ 
-Parated, and its ahsorlanc Tope ::rr^ 
-nitored at ..o The experijt': L Tl 

a similar profile was obtained. '^^P^ated, and 

Figure 5 shows the de^^*l-^^«« 
> bovine seru. extracts. PBs ,40 ll^ ^'^'"'^ ^" 
-thod Of Bligh and oy^r Zsl 

METHODS) . The dried chiorofo™, 1 Materials m> 

"0 .1 Of methanol anrs:;tre;ro"„ T.'^^"^^'" 
by the reverse-phase HPLC , " fractions 

MATERIALS AHB Lt«ODS t" '^^"'"^^ '''^ 

(700,000 cells per ndcrotiter pUteT °' 

With either TK- <CRB„l) -.nc re^rte. T"''^"'' 

Fut^cer and human RXRa 
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receptor (closed circles) or TK- (UASo),-LUC reporter and 
GAL4-hRXRoc chimeric receptor (open circles) plasmid DNAs 
by Uposome-mediated transfer, .as described in MATERIALS 
AND METHODS. Each plate was incubated with one-half of 
the fractionated extracts for 40 hrs. Portions of the 
cell lysates were used to assay luciferase, /3- 
galactosidase, and cytotoxic activities as described 
(Berger et al., J. steroid Biochem. Mol. Biol. 41 733- 
738 (1992) ) . Single-point luciferase measurements were 
performed, which typically exhibit 10% variations in 
this assay. Fold induction is expressed as the relative 
luciferase activity in the presence of fractionated 
extracts as compared with untreated cells. The 
cytotoxicity in two fractions at 21 min is denoted by 
zero induction. Duplicate control wells to which the 
PXR activator JH III (40 ^M) was added showed onefold 
inductions; those to which the RXR-specific ligand LG69 
(100 nM; Boehm et al., 1995) was added produced 25-fold 
and 110-fold inductions by using CRBPII-CAT or GAL4-CAT 
reporters, respectively. Elution positions for phytenic 
acid and phytanic acid (corresponding to absorbance 
peaks measured at 220 nm) were R. = 18.2 and 20.8 min 
respectively, and are denoted by arrows. 

Figures 6A.6B. Various chlorophyll metabolites 
actxvate RXR. Fig. shows the metabolic pathway from 
chlorophyll to pristanic acid. First, the phytol ester 
as hydrolyzed, which is followed by oxidation to 
phytenic acid. Phytenic acid is then hydrogenated to 
phytanic acid and oc-hydroxylation; oxidation leads to 
prxstanic acid. Pristanic acid is finally metabolized 
by fatty acid 0-oxidation pathways. The trans isomers 
of phytol and phytenic acid are illustrated here Fia 
SB shows the RXR effector activity induced by phytoi 
metabolites and 9cRA. Increasing amounts of 9crI 
phytanic acid, phytenic acid (40% cis/60% trans isomer 
mxxture), and pristanic acid were added to cells 
transfected with the RXR-specific CRBPii-CAT reporter 



wo 97/09039 

PCT/US96/1S205 

12 — 

plasmid and mouse RXRa. cat activ-ii-,, . 
duplicate u,.n o • activity was measured from 

duplicate wells in an assay configured similarly to that 
d^scr..ed.n the legend to Pigure 1. Average values fo 
CAT activity from duplicate- transfected plates arl 
5 plotted against increasing activator 

symbols: circles 9cRA ^ ^^^'^^f °^ concentrations. 

circles, 9cRA; diamonds, phytenic acid- 
squares, phytanic acid; triangles, prist Jic acid 

.ri^ ^'r^' ' synthesis of 2 -hydroxy-phytanic 

acid. Compound 2: To the so]n^nr^r, ^'^ y P^-y^^anic 
10 1 c T > ~ "^^^ solution of phytol l (523 ul 

10 1^5 ^ol) .„ ™. ,0.50 ™i, o.e. was added the BMS-^; 
.olutxon ,2 . o«, 1.5.1, .e,, slowly, ^^er the additi™ 
Che ice bath was removed and the mixt,,^= . "oitnon, 
25T fr.^ c ., mixture was stirred at 

for 1 . • ''""^ " reflux 

15 reLt '° ^""^'"^ hydroboration. 

X5 reaction was quenched with EtOH ,1.0 „l , 

followed by 3K »aOH aqueous solution (330 ^1) H O and 

sat Mar*! ««T J- • » V . ^ ij ana 

acit. waci solution, then rii^-i^A 

/ uxien arxed over Na qn 

concentration and chro^tography gave the 1,2-dio! 2 as 
a colorless oil (277 mg, soi R -„ 

^ /o.^z, /b.70, 65.08, 64 4ft 

for carbons connected to hydroxy grouo) 

compound i: TO the solution of l',2-diol 2 ,22, „ 
0^71 mmol, in KtOH ,10 ml, and H.0 ,0.; ml) at 2 'c wa. 
added HaOH ,12 mg, 0.30 ™ol, and NalO, ,378 1 1™ 

-01 2 . 5 e„ . The suspension was ref lu^ed f orli 1 
and TLC showed the starting material , 
disappeared. The mixture was dilutd " h eter^r^' 
was then washed with H,o. sat. HaCl solutL il T . 

over Ma Qn n aw-Lucion and dried 

over Na^SO, . Concentration gave the aldehyde 3 as a 
colorless oil (200 mg, 100%, ..0 67 . 
hexane:EtOAc=10:l). NMR: 5 9 . 55 (d in^ 2 Z . 

0.82(m, I5H); "CNMR: 5 2 92 or'c r ' 

compound 4: To the susn. ^"^^^^ ' 

_. TO the suspension of aldehyde l (205 
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mg, 0.71 mmol) and NH.Cl (56.7 mg, i.i mmol, 1.5 eq) in 
1,4-dioxane (1.6 ml) and H^O (0.4 ml), KCN (60.8 tng, 0.93 
mraol, 1.3 eq) was added slowly at room temperature. The 
mixture was stirred at 25^C for one day. The solution 
5 was diluted with ether and washed with HjO, sat. NaCl 
solution and dried over NajSO,. Concentration gave the 
2 -hydroxy nitrile i as a colorless 6il (205 mg, 92%, 
Rr=0.24 using hexane:EtOAc=10 :1) . NMR: 6 4.37{m, IH) 
2.71(s, IH), 1.87(m, IH) , 1.53(m, 2H) , 1 . 06-1 .36 (m,^ 
10 19H), 0.83-0.87(m, 15H) ; "C NMR: 6 119.41, 119.04 (both 
for cyano group) . 

Compound ^: A mixture of 2 -hydroxy nitrile 4 (85 
mg, 0.27 mmol) and 3.6 ml of 37% HCl solution was 
stirred at room temperature for 5 hrs. and then was 
15 refluxed for 12 hrs. The mixture was extracted with 
ether three times. The combined ether phase was washed 
with HjO, sat. NaCl solution and dried over MgS04: 
Concentration and chromatography gave ■ the product 5 2- 
hydroxy-phytanic acid as a colorless oil (63 mg, 70%, 
R£=0. 27 using CH2Cl2:MeOH=10:l) . NMR: a4.26(s, 0.5H), 
4.17(d, 0.5H). 1.96(s, IH) , 1.50(m, 2H) , 1 . 01-1 . 38 (m', 
21H), 0.83-0.87(m, ISH) ; "C NMR: 6 179.82. 179.40 (both 
for carbonyl group); IR (film, "^cm) : 3447, 2954, 2925., 
2868, 1724, 1462, 1377, 1259, 1139/ MS calcd. for 
25 C20H40O3: 328, found 327 (M-H*j . 
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K ' RXR-dependent stimulation of CRBPii- 

CAT by Phytanic acid and 2 -hydroxy-phytanic acid The 
experiment was performed substantially as described in 
the legend to Figure 4B. 

^ DETAILED DK.SCRIPTTnw nir THE TWVPMTTnxy 

PBS ^'^l^'-'^''^^ -I^- trans retinoic acid; 

Ztinot '-"^ 

retmoic acxd receptors. 

The present invention resides in part in a vitamin 
0 supplement formulation. Such fo 1 -^tamin 
prepared in .he manner' similar ^o^'ZT^^^ 
other fac soluble vit^nln., such as vitamins A D. k La 
For exanple vita^„ , „ , ^ " 

be formulated into typical m,,i^< ■ 
, , '-rt'xcdx multivitamin 

tablet form for oral administration, m particular It 
- e^cted that formulations appropriate for vitamin" 
and other retinoid compounds and formulation^ 
appropriate for fattv rormulations 

r tatty acids would suffice 

formulations appropriate for vitamin P. Formulation of 

™e "'""""^ " described, for 

sc^jpce Practice of ph ^ rm nr^, istblT^Z^ZZr, 

"SB by the Philadelphia College of Ph;r;at L 
science Such vitamin supplements containing vltLn F 
could be administered to subjects sufferina f "! 
pathological condition due to deficiency of :itarn P 
due to dietary deficiency or metabolic i^pairmenr 
An exemplary "vitamin F deficiency" is a co„H<^- 
Of having a level of vitamin F in th7 blood T 

^ \r."r"' -Id":::,!"-: 
...-aci" ;;ti2-rt: ^h^^r 

be used in formulations of the inv..^ " 
preferred derivatives are e'er T JT'T 
example, the practitioner should note t^t Ci^^m 
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commonly administered as its palmitic acid ester 
(retinol palmitate is added to milk) or as its acetate 
ester. Accordingly, long chain and short chain alkyl 
esters of vitamin F and its derivatives are considered 
5 to be preferred compounds which can be used in 
formulations of the present invention. 

As explained above, phytanic acid, phytenic acid 
and the 2 -hydroxy derivatives are expected to be taken 
up, transported and metabolized in a manner similar to 

10 linoleic acid and linolenic acids. Thus, formulation 
methods for these essential fatty acids can be applied 
to the formulation of vitamin F compositions. 

Phytenic acid can be synthesized using phytol as a 
precursor compound. The method is similar to that 

15 previously described for the synthesis of farnesoic acid 
and methyl farnesoate (E.J. Cori et al . , J. Am. Chem. 
Soc. 90, 5616-5617 (1968)). Briefly, commercially 
available phytol is oxidized to phytal with activated 
manganese dioxide. The aldehyde is then converted to 

20 the cyanohydrin which is further oxidized to methyl 
phytenate by manganese dioxide, Phytenic acid is 
prepared from the ester by saponification with potassium 
hydroxide in aqueous methanol. Phytanic acid is 
commercially available from the Sigma Chemical Company, 

25 St. Louis, Mo. Fig. 7 shows the synthesis of 2-hydroxy- 
phytanic acid. 

Methyl phytenate shows activity as an activator of 
RXR, having an ED50 about one -half that observed for 
phytanic acid when tested in the standard cis-trans 
30 assay using CRBII-CAT and mouse RXRoc (see. Figure 5). 
Phytenic acid shows an activity profile similar to that 
of phytanic acid. 

In addition to utility as dietary vitamin 
supplements, vitamin F formulations according to the 
35 present invention can be used in in vitro tissue and 
organ culture. Vitamin F and/or its derivatives might 
be added directly to media used for in vitro culture of 
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cells, tissue sections or araftc 

determining the amount of vif • 
""-ported into compositions for adml ^ " 

= -mmaz ana the dosage re^irer^rTh '° ^ 

Mintainins normal levels „f Putpose of 

deficiency of vitamin p " °^ a 

pharmacokinetics and bioavailah,- , >»=t=™ine the 

"■ethods commonly known in the art "'"^^ 

" an- " only from d ■ . 

and IS rapidly oxidised iust lit. ""^ 

its specific nutritional renJ; 
^ant sources of phyta^it acTdnn" 
c-eese, and especially hutter , 
" ) . The caloric value If 1 

/-tionally that of lintleio a^f/^^ 
ahundance differences, and thus ! °' '"^i-^ 

.. =ellular energy reserves musrh. ° to 

pathological signs of vitanun P defLi 
» those produced hy deficiencies of Uno\ ' 

hormones, vitamins A and D ^"°l"=-acld, thyroid 
receptors cooperate with SXr'. "sands whose 

It may be of interest 
. retards animal gro«h a'd'^' 

> ciently restores the weight ,ott irra ro'""=^ '"'^ 
diets. (Burr and Burr j a , *at-free 
<"30, ,. Aaes-aorgensen. Physio/ «ev '*4?'' '"""^ 
Although linoleic acid has be.n . ' '"""^ 

component, phytanic acid TZ 

growth-promoting substances po^d bT"" °' 
(also fortuitously called ^''^^ ^'^ ^urr 

"hytanic acid can also serve a. 

in culture, because linolt ^ 
«rum albumin and its bound fatV replacement of 

to increase their plating effLr 

<Ham, science 140, SO.-eo3 a,";;;'' -^ia 
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The diterpenoid structure of phytanic acid 
(Sonneveld et al., J. Lipid Res. 3, 351-355 (1962); 
Lough, Biochem. J. 91, 584-588 (1964) suggested that it 
might be synthesized from mevalonate, but neither 
5 endogenous biosynthetic routes nor intestinal microbes 
contribute to circulating pools in mammals (Steinberg, 
Biochem. Biophys. Res. Commun. 19, 783-789 (1965) and J. 
Clin. Invest. 46, 313-322 (1967)). Phytol metabolites 
in animal tissues are exclusively derived from the 

10 phytyl side chain of chlorophyll. Phytanic acid may be 
elevated 50-fold and constitute >20% of the fatty acids 
in patients with Ref sum's disease, an inherited 
metabolic disorder characterized by an «- hydroxylase 
gene defect that prevents phytanic acid conversion to 

15 pristanic acid (Figure 5A; Steinberg, "Phytanic Acid 
Storage Disease (Refsum's Disease)" in: The Metabolic 
Basis of Inherited Disease , ed. J.B. Stanbury et al., 
pp. 731-747, c. 1983 by New York: McGraw-Hill, (1983)). 

MATERIALS AMD METHODS 

20 Reagents 

Patty acids and other chemicals for enzyme assays 
were purchased from Sigma Chemical (St. Louis, MO) . 
Cell culture reagents were obtained from Life 
Technologies (Gaithersburg, MD) . 



25 Cell Culture and Trans fections 

CHQ Kl cells were cultured at 3 7°C in a 5% COj 
atmosphere in Dulbecco's modified Eagle medium 
(DMEM)/P12 supplemented with 5% fetal bovine serum 
(PES), penicillin (50 units/ml), and streptomycin (50 

30 tig/ml) . Dextran- coated charcoal was used to adsorb 
lipids from PBS in extract addition experiments (Samuels 
etal., Endocrinology 105, 80-85 (1979)). Transfection 
assays were performed with N,N-bis- (2-hydroxyethyl) -2- 
aminoethanesulfonic acid (BES) /calcium chloride (Chen 

35 and Okayama, Mol . Cell. Biol. 1, 2745-2752 (1988)). 
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■Briefly, cells were plated at 3o^ con^-, 
before transf action . dna i3 s ua^ 

DWcalciu^phosphatecoprec pitate l-';^ °' 
cells growing in 2 .1 L^a ^ of a": 

culture Plate (Palcon, oJrtZ,''Z]V':'^' 



10 



15 



20 



incubated for 7-8 hrs. at 370c anH u ""^^^^ ''^''^ 
Phosphate-buffered saline (pbs) b T ' "'^^ 

additions in fresh .edia contal^nT^^^ 1''"' ^'^"^^^ 
FBS. Methanol (< 2% final ^^^^^coal- adsorbed 

used for dissol W erctt—^J^ ^ 
-daated transfection of o^s intlT; ^r^^' 
performed with N-Ni-(2 3i ^- ^^^^ ''^^ 

trimethylan^oniu. methyl ; iat^TBot:^'™-^'^'^- 
the manufacturer's in=f^ '=°TAP) according to 

indianapou."" U:^r " '^"-'--S" Mannhei.. 

^' xto, . Liposomes were rem^^r^^ 
and cells were subsequently trlatirT ! ' ' ' 
BMEM-P^S alone or with the "^^^ 
Transf ected cells were seeded at 7000 cell 
a microliter plate. For the Zl ' ""'^ 

Plasmid DNAs were added p!r ;o"t ' ?' ^"^^-^Rc. 

For the TK-(CRBPIX)-.uc plate ".^.^ '^''^ ' 

500 ng CMX-^aal . ' (^^^'ID -LUC, 



- — ^-hRXRa 
transf ected cv-i cells. 

25 Enzyme Assays 



Transfected cells Incubated with 
Uganda for 24 hrs. were washed with PBS tTT^' " 
then harvested by scraping into i / , . " 
buffer ,aso « «acl, 40 J Tris.Hc; „ 
30 BDTA, . cells were centrifuged brieflv' ^ ' * 

>nd the cell pellets were re., ! ^' ^° • 

« Tris-HCl, pH 8 cells ""'""""^'"^ " of 0.25 

freeze/thaw cycles (drv 1 '"bjacted to three 

. . , roj-ea Idry ice-ethanol/37«ci h.« 

centr.£ugation step ,10,000 x g 3' ?„, " " """^ 
3S volumes of supernatant, were :sed T ' ""'"^'^ 
«"vity ,1, 3eed and Sheen, .^e. TH',, ^ 



wo 97/09039 PCT/US96/15205 

19 

(1988)) or /3-galactosidase activity (2 fil; Herbomel et 
al., Cell 39, 653-662 (1984)). Luciferase activity was 
measured as described in Berger et al . , J". Steroid 
Biochem. Mol. Biol. 41, 733-738 (1992)). 

5 Bovine Serum Extraction 

FBS (Life Technologies) or serum from bovine blood 
(freely grazing steer raised on silage at North Carolina 
State University School of Veterinary Medicine) were 
extracted with chloroform and methanol solvents (Bligh 

10 and Dyer, Can. J. Biochem. Physiol 37, 911-917 (1959)). 
Briefly, lo ml of serum was mixed with 37.5 ml of 
chloroform and methanol (2:1) and vigorously shaken for 
15 min. The mixture was centrifuged at 2000 x g for 20 
min. To the supernatant was added 12.5 ml each of water 

15 and chloroform to separate the phases. The mixture was 
centrifuged at 9000 x gr for 15 min, and the chloroform 
phase was collected. Alternatively, serum was 
saponified (2 M KOH at 70«»C for 30 min) and twice 
extracted with diethyl ether. Next, the aqueous 

20 solution was acidified with concentrated HCl and then 
extracted with ether again. Chloroform, methanol, or 
ether was removed by rotary evaporation under vacuum 
(Buchi Rotavapor R-124 or Speed Vac SC210A; Savant, 
Farmingdale, .NY) . 



25 High Performance Liquid Chromatography 

Pure chemical standards or bovine serum extracts 
were resuspended in 80% methanol and injected into a l 
ml Rheodyne sample loop connected to a Beckman System 
Gold high-performance liquid chromatography unit (HPLC) . 
The LC system consisted of an RP18 guard column (15 x 
3.2 mm, RPIB; Alltech, Deerfield, IL) linked to a 
separation column (4.6 x 25 cm, Econosphere CIS, 5 /x 
particle size; Alltech) and a Gilson EC 203B fraction 
collector (Middleton, WI) . uv absorbance was monitored 
35 with a Beckman diode array detector module 168. The 
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sa^le „as eluted with an sot ,„ethanol/20% lo m 
™« acetate mobile pha.e for 5 nin. after which a 

linear gradient (eo-loo% methanol in lo ™m , 

-„ . , " "*> ammonium 

acetate, 20 mm) was applied and held at 100% methanol 

for 10 min. Fractions were collected, dried, and 
absolved .n DMEM/F12 containing 5. dextran-coated 
charcoal-absorbed for measurement of activity in 
the CIS -trans assay. ^ 
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Silica Gel Chromatography 



Pure phytanic acid or a ^ 
u • chloroform extract of 

bovine serum was loaded on a silica „oi i 
wide X in o« V, • u X ^^-^ column (4 cm 

acetate/80, hexane. m all, s-ml fractions were 
collected in 13 x inn m™ i ^-^""s were 

rot.^ . ^^^^ '^^^^^ dried by 

rotary evaporation, resuspended in media containing 
charcoal-adsorbed FBS, and tested in the cis tran! 
as described. cis-trans assay 

Mass Spectroscopy 

Gas chromatography/mass spectrometry (GC/MSl Th» 
tr.methylsilyl ,T«S) derivative of serum fr ctlTn ,3 Z 
he Phytanic acid standard were prepared by react" g ^. 
M of each sample with lo „, „ . 

bis(trimethylsilyl,trifluoroacetamide ,Sur,.l 
Bellefonte, P.,. Heaction mixtures wert heat d r "; 
for 15 ram. An aliquot (0-5 al) o-f 

u.^c ■ ■ . Ml; of the reaction mixture 

was injected onto a Ouadrev m^i-u i v "lixcure 
„ , , wuaarex methylphenyl 5 capillarv rr 

column (30 X 0.25 mm ID, O 25 mm • ^^-"^^"^ 

Packard 5830 gas chromat;graph elipped ^ 
column splitless injector'and co™ tTa^"" 
700 zon Trap Detector. Puli-.ean Zl wL IZTl 
over the mass range 40-650 daltons at a T 
s/scan. we used the foil ""^'^ ^ 

initial, temperature ' oocd m"' ^"^^^--^ P-^-- 

300OC at loo/min v,%. ' P^^^^ammed to 

C at 10 /min; hold at SOO'C for 30 min 

Fast atom bombardment, a VG zab-4p . ■ 

^ ^^-4F magnetic sector 
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instruinent was used to obtain fast atom bombardment 
(FAB) data at an accelerating voltage of 8 kv. An Ion 
Tech atom gvm and xenon atoms were used to bombard the 
sample. The sanples were introduced into the mass 
5 spectrometer via a coaxial continuous- flow FAB in- 
terface. This interface uses a coaxial arrangement of 
fused silica capillaries to independently deliver the 
FAB matrix (glycerol) and the analytes, The instrument 
was scanned from 1000 to 100 daltons at 5 s/decade to 

10 acquire the full -scan negative ion data. 

Electrospray/ionization MS. Measurements were made 
on a Fisons-VG Quattro HQ triple -quadruple mass 
spectrometer equipped with a pneumatically assisted 
electrospray ion source operating at atmospheric 

15 pressure. The HPLC fractions containing biologically 
active material and phytanic acid were reconstituted in 
acetonitrile and mixed with equal volumes of the liquid 
chromatography mobile phase (80% acetonitrile/20% water 
containing 1% ammonium hydroxide) . Samples were 

20 introduced by loop injection into the mobile phase at a 
flow rate of 8 /il/min, and spectra were acquired in the 
negative ion continuum -mode scan rate. The mass scale 
was calibrated with polyethylene glycol with an average 
molecular weight of 400 atomic mass units (amu) . 

25 Theoretical isotope distributions were computed with 
Fisona Instruments Opus software. 

Synthesis of Phytanic Acid 

Phytenic acid was prepared from phytol (Sigma) by 
adapting a two-step MnOj oxidation procedure (Corey et 
al., J. Am. Chem. Soc. 90, 5616-5617 (1968)). Phytol 
was oxidized to phytal by using activated MnOj (Aldrich 
Chemical, Milwaukee, WI) to give an -60:40 mixture of 
geometric isomers by nuclear magnetic resonance (NMR) . 
The isomers were partially separated by chromatography 
35 on silica gel, with 5% ethyl acetate in hexane as 
eluent . The partially purified phytal isomers were each 
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further oxidized w the corresponding n^thyl ester by 
treatment With MnO,-NaCN-»etha„ol. Chromatography Z 
Silica gel with 2% ethyl acetate in he 
individual isomers . Saponification of tht^thylTsters 
B by KOH in 70 = 30 methanol/water yielded the free 

The ma,or xsomer was assigned trans stereochemistry on 

tl Zl% ""P"""-' °' 'H Chemical shift^ of 
the methyl and methylene groups attached to the double 
bond AS examples, for the trans methyl ester the 
10 ol.m.cal Shift Of the methyl group is 2 ,1 ' ^ 

-lUon (ppm, . and the chemical shift for the methylene 
group xs 2.0, ppm. Por the cis isomer, the methyl JZl 
^relat„ely shielded by the carbonyl group 
^ the methylene group is relatively deshielded ^. 
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Hormone Binding 



f^^l -ATRA or PHI - QnPa k,' • 

I HI 9CRA binding to baculovirus- 

expressed RAR,„, „ polypeptides was 

measured as described previously (Allegret^ et ^ 7 
^^^2. Chem. 2se. 2SS25-2e.33 a^s.U Receptor ^n^s 
expressing these recombinant proteins were all of hu^ 
origin except and ^y. which were derived f rom tT 

mouse . The assay buffer consisted of e» g, ye-' 
« KCl. 8 ^ Tris-HCl, 5 n« a^s. 4 ^ ditMot;::;,: 
and 0.2, mM phenylmethylsuUonyl fluoride, final I 
(room temperature) . The final volume for binding assays 
was 2S0 .1, Which contained 10-,0 ,g of protein eZl 
P^us s nM Of -ATRA for H;«s or lo n. ,=„j .,,TZ 

^luL"™ Of coveting lig.nas. 

incubations were performed at 4-0 until equilibrium was 
achieved. Honspecific binding is defined as tL 
binding remaining i„ the presence of l ' m li the 
appropriate unlabeled retinoid isomer At Z. . I 
the incubation. 50 «1 of 6 25^ V ""^ °^ 

Ir fv,. liydroxylapatite was added 

in the appropriate wash buffer ,100 ^ kci. ,o mM Trie 
HCl. and either 5 « chaps [rxrs, or 0.5% Triton x"'o 
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[RARs] ) to bind the receptor- ligand complexes. Mixtures 
were vortexed and incubated at room temperature for 30 
min and centrifuged, and the supematants were removed 
Hydroxylapatite pellets were washed two more times with 
wash buffer, and the receptor- ligand complexes were 
determined by liquid scintillation counting of the 
pellets. After correcting for nonspecific binding, ic^o 
values were determined. The IC^ value is defined as the 
concentration of competing ligand required to decrease 
specific binding by 50%, which is determined graphically 
from a computer-based log-logit plot of the data (Cheng 
andPrusoff, Biochem. Pharmacol. 22, 3099-3108 (1973)) 

The following examples of the invention are 
intended to be illustrative only. The scope of the 
invention is limited only by the claims following. 
Exas^le 1: 

RXR Effector Activity from Bovine Serum 

We initially attempted to identify activators from 
bovine serum (Shih et al., Mol, Endocrinol. 5, 300-309 

(1991)) for an orphan receptor called 0R6, which binds 
to an AGGTCA direct repeat HRE separated by 4 bp (dr4) 
but only in the presence of RXR (Umesono et al Cell 
65, 1255-1266 (1991)). CHO cells were transfected with 
a DR4-linked CAT reporter plasmid DNA along with an 0R6 
expression vector, and CAT activity was measured A 
lipid extract of FBS was added (Bligh and Dyer Can J 
Biochem. Physiol. 37, 911-917 (1959)), but this had no 
effect on CAT activity. Although the extract stimulated 
activity eightfold when RXR was added, RXR alone showed 
a similar effect. These results suggested that the 
bovxne serum activator was mediating its effects through 

RXR , 

^ Therefore, the serum effector was compared with 
9CRA, a previously described RXR effector from liver 
(Heyman et al., cell 68, 397-406 (1992)). The 
chloroform extract of serum was separated by reverse- 
phase HPLC, and the eluted fractions were tested for RXR 
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effector activity. Unexpectedly, the RXR activator had 
a retention -time between 19 and 22 min (Figure i) , which 
dxd not- coincide with the elution profile .for a 9cRA 
standard (l^ = 7 min). Because 9cRA is chemically 
sxmalar to ATRA, we added a tracer amount of l^n, .j^r^ 
nM) to a serum sample to determine whether retinoic acid 
could be extracted by this method. Nearly all of the 
rad.oactivity (83.) was found in the chloroform frac 
txon thus supporting the utility of the Bligh and Dyer 
method for extracting retinoids. 

RXR Effector Activity Is Distinct from 9cRA 

Because the retinoic apir? •!„ „ 

, ^ ^inoic acid m serum may have been 

resistant to extraction by the Biirrh r^ 

uy cne Biigh and Dyer method a 

u.ed ,ere to characterise the RXH effector (Koji^a et 

al., J. B.0I. asm. 2i9. 32700-32707 (1994),). „e also 

wanted to exclude, vitamin supplements that are so.etLs 
.-en to donor herds as potential sources for exoge^s 
retxnoxds. Therefore, seru. fro. a freely grazing stLr 
was saponified and ether extracted, and then the l^Z 

ATRA .n a parallel s.,^ie was quantitatively extracted 

iViirth""' 

UoLt!on I " """"'^ «"noid 
tTlT 1' '^--'^''^"'le CAT activity «as 

found only in the ether extract of the basic =o„ I 

Th-io • 1 oasic solution. 

This material was separated by the HPLC oor,^-.- 
described above (Figure i) and ^l 7 ■ ^^^^^tions 
c^oiio *- ^ o ' "^^^ ^"'"i" fractions were 

collected and tested for RXR effector 

^J-J-eccor activity . An pyp 

specific activator (R. = 23-24 min ^ 
^.^entified that eluted^ater Ih!! ."^^ .^r. H 

-a ^n, respectively, . therefore, hoth sapl'f e^ 
and nonsaponified serum extracts contain.^ ^ 
activator with chromat„ic properttrdrin:: fr^ 

It was conceivable thah r-^n^ -j 

acie that retinoids were destroyed by 
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this rigorous extraction method. Therefore, DNAs for 
the human retinoic acid receptor (RARa) and jffRARE-CAT 
reporter were transfected into cells to permit detection 
of the RAR activators ATRA and retinol (Giguere et al., 
5 Wature 330, G24-629 (1987); Sucov et al . , Proc. Natl. 
Acad. Sci. USA 87 5392-5396 (1990)). Activities 
coincident with 9cRA, ATRA (R, = 7.5 and 8.8 min) , and 
retinol (R, = 20 min) were confined t:o the acidified 
extract (Figure 2B) ; none was found in the ether extract 

10 of the basic solution in which the RXR effector activity 
was observed. In addition, a broad range of activity 
more polar (Rt < 20 min) than retinol was seen. This 
material may correspond to hydroxylated retinol 
metabolites, such as 4-oxo-retinol , the acid derivative, 

15 of which was shown to activate RAR (Pijnappet et al.,.' 
Nature 366, 340-344 (1993)). Nevertheless, although' 
peaks of activity cannot be assigned, it is clear that 
RAR and RXR activators have distinct pH-dependent 
partitioning characteristics in ether. Moreover, the 

20 functional integrity of RAR activators is maintained 
during extraction. By inference, 9cRA should have been 
found in the acidic fraction, but no corresponding RXR 
effector activity was detected here. These results 
suggest that the bovine serum activator. is distinct from 

25 9cRA, but they do not exclude the possibility that 9cRA 
may still be an intracellular signal in the liver or 
kidney, where it was originally described (Heyman et 
al.. Cell 68, 397-406 (1992)). 

I 

I 

i 

Fatty Acids Copurify with RXR Effector Activity ■ 
30 To characterize the molecular structure of the RXR 

activator, the active fraction of the basic ether 
extract (Rj = 23 min) and two adjacent inactive ones (R, 
= 22 and 25 min) were analyzed by various mass 
spectrometric techniques. Negative ion electrospray 
35 spectra, obtained by flow- injection analyses of these 
fractions, contained ions of m/z 283 and 3ii (Figure 
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3A) . The abundance of the m/z 311 ion corresponded to 
the RXR .activities in these fractions (Figure 2A) . 
whereas the abundance of the m/z 283 ion did not follow 
the RXR activities. Relative isotopic abundance 
5 measurements for these negative ions predicted the 
molecular formulas C,,R^o, and C^^o, for the molecular 
weight 284 and 312 Da components, which are consistent 
with the elemental compositions of stearic acid and 
phytanic acid, respectively. The same two prominent (M- 
10 H) ions, m/z 283 and 311, were also observed by 
negative-ion fast atom bombardment mass spectrometry 
(our unpublished observations) . 

GC/MS analysis of the TMS-derivatized saponified 
sample showed a peak corresponding in mass to the (M- 
15 fragment ion (m/z 369) of the TMS derivative of 

phytanic acid, as well as a low-abundance peak 
corresponding to the molecular ion (m/z 384) . The full- 
scale mass spectrum and the retention time of this 
component were in agreement with those of the TMS 
20 derivative of authentic phytanic acid (Figure 3B) run 
under identical conditions. Co- chromatography of the 
sample and the phytanic acid standard gave a single peak 
in the reconstructed ion chromatogram for m/z 369, as 
well as for other characteristic ions. 

25 Phytanic Acid Is the Serum RXR Activator 

A single chromatographic step was deemed unlikely 
to have separated the RXR activators from other serum 
components. Nonetheless, the above results prompted us 
30 !c^-T'" ' =°ll--tion of fatty acids for RXR 
30 activation. Although linoleic, oleic, stearic 
farnesoic, palmitic, and arachidonic acids (40 ^M) were 
without effect, a similar amount of phytanic acid pro- 
duced a fivefold induction of CAT activity with the RXR- 
specific CRBPII-CAT reporter (Figure 4A) . Phytanic acid 
responsiveness was RXR dependent, using both DR4.CAT and 
CRBPII-CAT reporters (Figure 4B) . The dynamic range for 



wo 97/09039 PCT/US96/15205 

27 

phytanic acid activation of mouse RXRa was between 4 and 
64 ^M, with cellular toxicity exhibited at higher doses. 
Other compounds with phytyl side chains were tested, 
including phytol, vitamin E, and vitamin K,, but these 
5 failed to activate RXR when added at 50 /zM 
concentrations . 

Absorbance profiles depicting the retention times 
for phytanic acid, its metabolic precursor phytenic 
acid, and 9cRA have been included for reference (Figure 

10 4C) . Note that the retention time for pure phytanic 
acid (Rj = 22.5 min) coincides with that of the serum RXR 
activator (Figure 2A) . The time difference between the 
phytanic acid absorbance and the RXR effector activity 
is due to a 30 sec delay time in this LC system. As 

15 further evidence for identity, a phytanic acid standard 
coeluted with the serum RXR activator when separated by 
silica gel chromatography with 20% ethyl acetate in 
hexane as the developing solvent (Figure 4D) . Together 
these results show that the RXR activator in serum 

20 corresponds to phytanic acid. 

Detection of Phytenic Acid 

The DR4-CAT reporter plasmid was originally se- 
lected for isolating RXR activators from bovine serum in 
favor of CRBPII-CAT because of its more robust induction 
in CHO cells (Figure 4A) . Despite its RXR dependency, 
DR4 had not been previously described as an RXR- 
responsive element, and thus its use here might be 
judged inappropriate. Therefore, we sought to confirm 
the presence of phytanic acid in bovine serum extracts 
by using assays designed with greater RXR specificity. 
Four copies of the DNA binding site (upstream activating 
sequence UASG) for the yeast GAli4 gene product or a 
CRBPII response element were separately inserted in the 
herpes simplex virus thymidine kinase promoter that was 
linked to the firefly lucif erase gene (Forman et al.. 
Cell 81, 541-550 (1995)) . These reporter plasmids were 
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independently cotransf ected into CV-i cells with CMX- 
GAL4-RXR {Fortnan et al.. Cell 81, 541-550 (1995)) • a 
chimeric receptor fusing the GAL4 DNA-binding domain' to 
the human RXRa ligand -binding domain, or with CMX-human 
RXRor (Yao et al., i^ature 36S, 476-479 (1993)) as the 
respective receptor plasmids. 

A chloroform extract of FBS (Bligh and Dyer, Can 
J. Biochem. Physiol. 37, 911-917 (195^)) was separated 
by reverse -phase HPLC as described in Figure 2B, but 
this time the eluate was collected in 0.3 min fractions 
to afford greater analytical resolution. The material 
was divided in half, each was added to the two sets of 
CV-1 cells cotransfected as described above, and 
normalized lucif erase activities were measured. The^ 
superimposable profiles contained two peaks of activity 
(19.0 and 21.6 min; Figure 5) corresponding to the' 
absorbance profiles for phytenic acid and phytanic acid ' 
respectively (R, = I8.2 and 20.8 min for this particular 
column) . The amounts of serum extract used for these 
assays were about 10-fold greater than those used 
earlier (Figure 2, A and B) . Thus, the cytotoxicity 
shown in two adjacent fractions (R. .21 min) may have 
been due to increased amounts of stearic acid that 
elutes just before phytanic acid (Figure 3A) ' 
Nevertheless, phytenic acid now became detectable bu[ 
as before (Figure 2A) , a peak coincident with 9cRa' (R. - 
7 min) was not found. Thus, these data confirm and 
extend the results previously obtained with the DR4-CAT 
reporter plasmid to identify both phytanic acid and 
phytenic acid in bovine serum extracts. 

j. 

i 

Phytol Metabolites ee Traascrlpti onaJ signals 

Phytaaio acid and phytenic acid levels in normal 

bZL r ' = respectively (Avignani 

B.ochem. Bxophys. Acta 166, 391-394 ,1966)). WKe other 
fatty acids, 70% of the phytanic acid probably exists as 
triacylglycerol or phospholipid esters that are rapidly 
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oxidized and that vary with dietary conditions 
(Mohrhauer and Holman, J. Lipid Res. 4, 151-159 (1963); 

Mize et al., J. Lipid Res. 7, 692-697 (1966) and J. 
Clin. Invest. 48, 1033-1040 (1969)). Although the 
5 estimated free phytanic acid (2 /zM) is only at the 
threshold for RXR stimulation (Figure 4B) , equipotent 
phytenic acid may also contribute to the RXR effector 
pool (Mize et al., J. Lipid Res. 7, -692-697 (1966). In 
addition, the charcoal -treated serum used in this 
bioassay may have adsorbed some of the added phytanic 
acid, thereby reducing its effective concentration. 
Phytol is unlikely to be an RXR effector because at 50 
fiM it neither bound nor activated RXR, whereas at higher 
concentrations it showed cytotoxic effects. Finally, 
the limited effector activity shown by pristanic acid 
suggests that other phytanic acid metabolites, such as 
or- hydroxy-phytanic acid or w-carboxylated derivatives, 
may also be RXR inducers (Billimoria et al.. Lancet 
1(8265), 194-196 (1982)). 
20 The EC50 values for RXR activation by phytol 

metabolites were estimated assuming that the dose- 
response maxima were reached at 64 /xM (Figure 3A) . 
These nonsaturating dose-response curves are probably 
due to cellular toxicity in which, above 64 ^M, the 
limits for fatty-acid binding to serum albumin were 
exceeded (Hemdon et al . , j. clin. Invest. 48, 1017-1040 
(1969); Spector et al., J. Lipid Res. 10, 56-67 (1969)). 
Alternatively, some of the natural isomers of phytanic 
acid (Baxter and Milne, Biochim. Biophys. Acta 176,265- 
277 (1969)) may inhibit RXR binding. Integration of the 
effector activities produced by each of these isomers in 
the tested sample of phytanic acid may thus give rise to 
the nonsaturable activity profile. Nevertheless, given 
that their plasma levels approximate their RXR binding 
affinities and activation potencies, phytanic acid and 
phytenic acid meet our criteria for humoral RXR 
effectors. 
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The units of RXR effector activity caused by 
phytanic acid were only crudely assessed in our 
experiments, but the activity caused by the injected 
serum sample (Figure 2A) can be accounted for by the 
peak of activity found in fractions 23 and 24 The 
contribution of phytanic acid to the total serum 
activity can be estimated on the basis of its 
concentration (5 mg/ioo ml) in bovine plasma (Avignan 
Biochim. Biopbys. Acta 166, 391-394 (1966)) Five 
percent (0.5 ml) of the lo ml-extracted serum sample was 
assayed for RXR effector activity by using the DR4-CAT 
reporter plasmid (Figure 2A) . Thus, the estimated 
phytanic acid (0.025 mg or 80 nmol) in fractions 23 and 
24 (Figure 2A) in 4 ml of media is 20 ^M, which 
approximates the EC«, value in the dose-response curve 
importantly, the induction in this experiment was 
submaximal, evidence for which is given by the threefold 
.increase (Figure 2A} as compared with the 16-fold 
maximum induction seen in Figures 1 and 4B. Because 
phytanic acid and phytenic acid constitute the only RXR- 
inducing molecular species in serum (Figure 5), both 
together to define the hulk of activity. 

Distinct Humoral Di terpenoid Activators for RAR and RXR 
Circulating ATRA levels are 6 nM (Napoli et al j 
Lipid Res. 26, 387-392 (1985); Tang and Russel, J. L^pld 
Res. 31, 175-182 (1990)), which are sufficient for RAR 
stimulation (Giguere et al., i^ature 330, 624-629 (1987)) 
but not for RXR activation (Manglesdorf et al., i^ature 

45,224-229 (1990); Allegretto et al., J. Biol. Chem 
268, 26625-26633 (1993)) Tr, ^ 

RAJj ^• ^1393)). In contrast, retinol binds 

RAR 35 times less potently than ATRA (Repa et al., Proc 
Natl. Acad. Sci USA 90, 7293-7297 (1993)), and 1000 
times more retinol is required for RAR activity (Giguere 
et al, i^ature 330, 624-629 (1987)). Although the 
circulating retinol in human plasma (2 ,M) may seem more 
than adequate for RAR induction (Miller et al Anal 
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Biochem. 138, 340-345 (1984)), its effective concentra- 
tion may be limited by retinol -binding proteins such as 
CRBPII (Ong, Arch. Dermatol. 123, 1693a-1695a (1987)). 
The RAR activators from the acidified ether extracts of 
5 serum described here may support both ATRA and retinol 
as circulating effectors (Figure 2B) . Activators more 
polar than retinol could be hydroxylated metabolites 
such as 14 -hydroxy-4, 14 -retro- retinol (Buck et al., 
Science 254, 1654-1656 (1991)) and 13 , 14-dihydroxy- 

10 retinol that would likely have retention times less than 
that of retinol (Derguini et al . , J. Biol. Chem. 270, 
18875-18880 (1995)), Description of the ATRA 

metabolites 4-oxo-retinoic acid and 3,4-didehydro- 
retinoic acid as RAR inducers may also support this 

15 hypothesis (Allenby et al., Proc. Natl. Acad. Sci. USA 
90, 30-34 (1993); Pijnappel et al . , Nature 366, 340-344 
(1993)). Further fractionation of these extracts might 
help to establish the identities of these RAR 
activators. 

20 At the same time, our findings seem to diminish 

support for retinoids as circulating RXR activators in 
bovine serum. A peak of RXR effector activity corre- 
sponding to 9cRA was not detected with our methods, a 
result that agrees with its reported absence in normal 

25 rat serum (Kojima et al., j. Biol. Chem. 269, 32700- 
32707 (1994)). Based on the dose response curve in 
Figure 6B as well as from others (Heyman et al . , Ceil 
68, 397-406 (1992); Pijnappel et al . , Nature 366, 340- 
344 (1993)) , 50 nM 9cRA should have been detectable with 

30 our assay system. Because no peak of RXR effector 
activity corresponding to 9cRA was observed with a 20-ml 
extract sample (Figure 5), 9cRA must be present in 
bovine serum at concentrations lower than 0.5 nM as 
tested in the 200-/il well. 
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Phytanic acid, phytenic acid and other phytol 
metabolites derived from the phytyl chain of chlorophyll 
(Figure 6A) were compared for dose -dependent stimulation 
of RXR, using CRBPII-CAT as the reporter plasmid. 
5 Synthetic phytenic acid, consisting of 40% cis and 60% 
trans isomers, was tested along with phytanic acid, 
pristanic acid, and 9cRA. The dose responses for RXR 
activation by phytenic and phytanic acids were similar, 
having ECjo values of 15 m. whereas pristanic acid, a 
phytanic acid metabolite, stimulated with a lower 
potency and efficacy (Figure 6B) . By comparison, 9cRA 
induced activity at a concentration ~200-fold lower than 
that for either of phytanic acid or phytenic acid 
Testing of the separated isomers of phytenic acid at 32 
/xM revealed that the trans isomer induced RXR effector 
activity 4.5-fold, which paralleled that of phytanic 
acid, whereas the cis isomer was nearly inactive. 

Direct interaction of phytanic acid with RXR was 
measured by displacing [^H] -9cRA bound to baculovirus- 
expressed RXR proteins with unlabeled 9cRA or phytol and 
its metabolites (Allegretto et al., j. sioi. chem. 268 
26625-26633 (1993)). Phytenic acid and phytanic acid 
competed one-half of the [^h] -9cRA binding to human RXRc. 
with a Ki of -2.3 and 4.4 /xM, whereas pristanic aciH hi^ 
so only at 15.1 f^M (Table 1) . The for phytol was 67 2 
MM, suggesting that it is an ineffective 9cRA 
competitor. Moreover, the binding affinities of 
phytanic acid and phytenic acid for the individual RXRs 
were similar. In contrast, phytol metabolites did not 
displace [3H3-ATRA from RAR even at lOO ^, which 
demonstrates their binding specificity. Finally the 
binding affinity of 9cRA for RXR is 200 times greater 
than that of phytanic acid or phytenic acid (Table 1) 
which is similar to their relative potencies for RXR 
35 activation (Figure 6B) . We conclude that the 
transcriptional effects of phytol metabolites are 
specifically transduced by directly binding to RXR. 
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The invention being thus described, various 
modifications of the materials and methods used in its 
practice will be readily apparent to one of ordinary 
skill in the art. Such modifications are to be 
5 considered within the scope of the invention defined by 
the claims below. 
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CLAIMS 

What is claimed is: 

1. A composition comprising vitamin F, wherein 
said vitamin F consists of at least one of phytanic 

■ 

5 acid, a derivative of phytanic acid, phytenic acid and 
a derivative of phytenic acid; and a pharmaceutically 
acceptable carrier, diluent or builder. 

2. A composition according to claim 1, wherein 
said carrier, diluent or builder is useful for pressing 

10 into a tablet. 

3. A composition according to claim 1 or 2, 
wherein said carrier comprises a serum protein. 

4. A composition according to any one of claims 1 
to 3, wherein said vitamin F is provided as an ester. 

15 5* A composition according to any one of claims 1 

to 4, wherein said vitamin F is esterified by a 
hydrocarbon alcohol. 

6. A composition according to any one of claims 1 
to 5, wherein said composition is for administration to 

20 a mammal and contains an amount of vitamin F sufficient 
to provide a concentration in the plasma of said mammal 
of from 1 to 100 /iM. 

7. A method for treating vitamin F deficiency in 
a mammal comprising administering a composition of any 

25 one of claims 1 to 6 to a mammal suffering from vitamin 
F deficiency. 

8 . A method for maintaining vitamin F in the blood 
plasma of a mammal comprising administering a 
composition of any one of claims 1 to 6 to a mammal. 



wo 97/09039 

•PCT/US96/1S205 

36 ~~ 

9. Use of vitamin P to make a composition for 
treating a mammal for vitamin F deficiency. 

10. Use of vitamin F to make a composition for 
maintaining blood plasma levels of vitamin F in a 

5 mammal . 



10 



11. A serum-free medium for the culture of 
mammalian cells or tissues or organs in vitro which 
comprises vitamin F, wherein said vitamin P consists of 
at least one of phytanic acid, a derivative of phytanic 
acid, phytenic acid and a derivative of phytenic acid. 

12. A serum-free medium according to claim 9 
wherein said vitamin P is complexed to a serum protein! 

13. A serum- free medium according claim 9 or lO 
wherein said vitamin F is esterified by a hydrocarbon 

15 alcohol . 

14 . A serum free medium according to any one of 
claims 9 to 11, wherein said vitamin F is present at a 
concentration ranging from 1 to 100 /iM. 

15. A method for culturing mammalian cells in 
20 Vitro, which comprises growing said mammalian cells in 

a serum- free medium according to any one of claims 9 to 
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FIG. 3A 
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